Staphylococcus aureus is an important pathogenic bacterium prevalent in nosocomial infections and associated with high morbidity and mortality rates, which arise from the significant pathogenicity and multi-drug resistance. However, the typical genetic manipulation tools used to explore the relevant molecular mechanisms of S. aureus have multiple limitations: leaving a scar in the genome, comparatively low gene-editing efficiency, and prolonged experimental period. Here, we present a single-plasmid based on the clustered regularly interspaced short palindromic repeat (CRISPR)/CRISPR-associated (Cas) system which allows rapid and efficient chromosomal manipulation in S. aureus. The plasmid carries the cas9 gene under the control of the constitutive promoter P xyl/tet , a single guide RNA-encoding sequence transcribed via a strong promoter P spac , and donor DNA used to repair the double strand breaks. The function of the CRISPR/Cas9 vector was demonstrated by deleting the tgt gene and the rocA gene, and by inserting the erm R cassette in S. aureus. This research establishes a CRISPR/Cas9 genome editing tool in S. aureus, which enables marker-free, scarless and rapid genetic manipulation, thus accelerating the study of gene function in S. aureus.
Introduction
Staphylococcus aureus is a Gram-positive pathogen that can cause suppurative diseases, toxic shock syndrome, pneumonia, food poisoning, and staphylococcal scaled-skin syndrome. Strains resistant to multiple classes of antibiotics, particularly methicillin-resistant strains (MRSA), are prevalent in nosocomial infections and are associated with high morbidity and mortality rates [1] . The pathogenicity of S. aureus mainly arises from the virulence factors: proteases, enterotoxins, cytolytic toxins, protein A, clumping factor, and others [2] . The antibiotic resistance typically arises from the corresponding antibiotic resistance proteins, such as penicillin-binding protein 2a encoded by the mecA gene (MRSA) [3] , vancomycin resistance protein encoded by the vanA gene (VRSA) [4] , or efflux pump protein encoded by the msr(A) gene (microlide, lincosamide, and streptogramin B-resistant S. aureus) [5] . In fact, the pathogenicity and antibiotic resistance of S. aureus are almost caused by the relevant genes. Therefore, the study of gene function is significant for exploring the molecular mechanisms of pathogenicity and the antibiotic resistance of S. aureus.
Typically, for gene disruption in S. aureus, allele exchange by homologous recombination [6] is employed in a scarring or scarless manner. In the scarring method, antibiotic resistance markers reside within the strains' chromosomes and are vertically transmitted. Consecutive deletions of further genes in the same strain may be limited by the number of suitable resistance genes. Additionally, the presence of antibiotic resistance genes in mutants may influence the bacterial phenotype [7] . In the scarless method, the target gene is deleted via double crossover [6, 8] . Alternatively, the target gene is replaced by the antibiotic resistance cassette which is then deleted by the lox-cre system [7] . Due to the absence of selectable markers and the proneness to reverse mutation, the gene-editing efficiency of the former (via double crossover) is comparatively low. Because of the essential two-time transformation and plasmid curing, the experimental period of the latter (using the lox-cre system) is prolonged. Taken together, the conventional genetic manipulation tools in S. aureus have the following drawbacks: leaving a scar in the genome, comparatively low gene-editing efficiency, and prolonged experimental period. Therefore, it is necessary to construct a superior gene-editing tool for accelerating the study of the gene function in S. aureus.
Fortunately, these defects can be compensated by using a genome editing tool based on the clustered regularly interspaced short palindromic repeat (CRISPR)/Cas system. CRISPR/Cas adaptive immune systems form a bacterial defence against invading nucleic acids derived from bacteriophages or plasmids. This prokaryotic system was adapted in molecular biology and has become one of the most powerful and versatile platforms for genome engineering [9] . In endogenous CRISPR/Cas9 systems, three components are necessary for target cutting: the Cas9 protein, CRISPR RNA (crRNA) and transactivating crRNA (tracrRNA). To facilitate rapid implementation of the CRISPR/Cas9 system for genome engineering, the RNA components of the CRISPR/Cas9 system can also be used as single guide RNA (sgRNA) chimera, consisting of a fusion of a crRNA and a tracrRNA [9] . Recently, the CRISPR/Cas9 system has been applied in the genome editing of many bacteria, including Bacillus subtilis [10, 11] , Clostridium spp [12] [13] [14] , Streptomyces coelicolor [15] [16] [17] [18] , and Streptococcus pneumoniae [19] . The chromosome manipulation toolkit based on the CRISPR/Cas9 system allows for marker-free and scarless genome editing. Additionally, since double strand breaks (DSBs) induced by the CRISPR/Cas9 system kill bacteria, only bacteria that undergo homology-directed repair (HDR) following CRISPR/Cas9-induced DSBs will survive. Because HDR and DSB-induced negative selection are combined, the gene-editing efficiency can approach 100% theoretically. Additionally, in the CRISPR/Cas9 genetic manipulation, the transformants on the agar plates can be directly screened without tedious successive double crossover, so the experimental period is shortened.
In general, as the latest cutting edge technology, the CRISPR/ Cas9 toolkit has great potential over current methods. Therefore, in this study, we constructed a single-plasmid CRISPR/Cas9 system that allowed efficient and scarless genome editing in S. aureus.
Materials and Methods

Bacterial strains, media, and electroporation
The bacterial strains used in this study are listed in Supplementary  Table S1 . Escherichia coli DH5α was used as the cloning host. Staphylococcus aureus RN4220 was used as the genome editing strain. Escherichia coli was grown in LB medium at 37°C, supplemented when necessary with ampicillin (100 μg/ml). Staphylococcus aureus RN4220 was grown in TSB liquid broth or on TSB agar at 37°C.
Plasmids were transferred to S. aureus RN4220 using a previously published electroporation protocol [20] . The recovered cells were spread on TSB agar plates (while in the erm R cassette insertion experiment BHI agar plates were used) supplemented with chloramphenicol (10 μg/ml) and incubated at 30°C for~48 h.
Reagents and enzymes
All restriction enzymes used in this study were purchased from Thermo Scientific (Waltham, USA). The DNA polymerases KODplus Neo and KOD FX (Toyobo, Japan) were used for gene cloning and colony PCR, respectively. The ClonExpress One Step Cloning Kit purchased from Vazyme Biotech Co., Ltd (Nanjing, China) was used to assemble the plasmids.
Construction of the plasmid pLQ-P xyl/tet -cas9-P spacsgRNA All plasmids and primers used in this study are listed in Supplementary Tables S1 and S2, respectively. The plasmids used for the CRISPR/ Cas9-mediated gene-editing system were constructed as follows. First, P hprk , the promoter from S. aureus, was used to drive the transcription of cas9 [21] . To do this, P hprk was amplified from the S. aureus genome with primers P hprk -up/P hprk -dn-1, the cas9 gene was amplified from the pcas9 [22] plasmid with primers cas9-up/cas9-dn, and the two fragments were spliced by overlap PCR extension using primers P hprk -up/cas9-dn, yielding P hprk ::cas9 cassette. The cassette was then fused with the EcoRI/KpnI linearized pKOR1 [23] , yielding pLQcas9-1. Furthermore, an empty vector backbone was constructed as the control plasmid as follows. P hprk was first amplified using primers P hprk -up/P hprk -dn-2, and was then ligated into EcoRI/KpnI-digested pKOR1 using the One Step Cloning Kit, yielding pLQ-1. As the PAM and seed region (7) (8) (9) (10) (11) (12) bp that is instantly upstream of the PAM sequence) are crucial, a Basic Local Alignment Search Tool was used to ensure that the selected 23-bp (N20-NGG) sgRNA target had no significant match elsewhere in the genome. The sgRNA-encoding region directed against the tgt gene (sgRNA-tgt) was placed under the transcriptional control of the Pj23119 synthetic promoter. Pj23119, of 35 bp in length, is shorter than general native promoters. Pj23119 was successfully used to control the transcription of sgRNA in E. coli, Clostridium and Streptomyces [12, 15, 19, 22] . The primers Pj23119-up/Pj23119-dn containing the specific N20 sequence targeting at the tgt gene and primers sgRNA-up/sgRNA-dn were used to PCR amplify Pj23119 and sgRNA from pTargetF [22] , respectively, which were then joined together by overlap PCR extension, yielding Pj23119::sgRNA cassette. The cassette was then ligated into SmaIdigested pLQ-P hprk -cas9, resulting in pLQ-P hprk -cas9-Pj23119-sgRNA.
However, the pLQ-P hprk -cas9-Pj23119-sgRNA plasmid did not work efficiently in S. aureus, so the promoter Pj23119 was replaced by the P spac constitutive promoter through the following steps [24] . P spac promoter with t1t2 terminators was first PCR-amplified from pMUTIN4 using primers P spac -up-1/P spac -dn-1, and was then fused with ClaI/BglII linearized pLQ-P hprk -cas9-Pj23119-sgRNA plasmid, yielding pLQ-P hprk -cas9-P spac -sgRNA. However, this plasmid did not work either. Therefore, as an alternative to the native P hprk promoter, P xyl/tet [25] constitutive promoter was used to replace P hprk . To do this, the primers P spac -up-2/P spac -dn-2 containing RBS region were used to PCR amplify P spac , and the primers cas-up/cas-dn were used to PCR amplify the deleted region of cas9 cut by KpnI. Then, the resulting products were fused with the KpnI-linearized pLQ-P hprkcas9-Pj23119-sgRNA plasmid or the KpnI-linearized pLQ-P hprk -cas9-P spac -sgRNA plasmid, yielding pLQ-P xyl/tet -cas9-Pj23119-sgRNA which was deposited at Addgene (http://www.addgene.org/) with No. 92121 or pLQ-P xyl/tet -cas9-P spac -sgRNA.
Construction of plasmids pLQ-KO-tgt-50 bp, pLQ-KOtgt, pLQ-KI-erm R, and pLQ-KO-rocA Two schemes were designed to disrupt the tgt gene: deleting 50 bp containing the start codon with an EcoRV restriction site inserted, or deleting the whole open reading frame (ORF) of 1.1 kb. To construct the former plasmid, two fragments flanking the target sequence with length of 1 kb were amplified from RN4220 genome using primers tgt-up-1/tgt-up-2 and primers tgt-50 bp-dn-1/tgt-50 bp-dn-2. The two fragments generated were then joined together by overlap PCR extension using primers tgt-up-1/tgt-50 bp-dn-2, yielding a gene deletion cassette in which two homology arms (HAs) were separated by the EcoRV restriction site. This cassette was then ligated with SapI linearized pLQ-P xyl/tet -cas9-P spac -sgRNA plasmid, yielding pLQ-KO-tgt-50 bp (MUT1).
To construct the latter plasmid, the HAs of the tgt gene were first amplified from RN4220 genome with primers tgt-up-1/tgt-up-2 and tgt-dn-1/tgt-dn-2, and the resulting fragments were then fused with SapI linearized pLQ-P xyl/tet -cas9-P spac -sgRNA plasmid, yielding pLQ-KO-tgt (MUT2) which was deposited at Addgene with No. 92122.
To construct the plasmid pLQ-KI-erm R, the erm resistance gene under the control of P mecA [26] was placed between the upstream and downstream HAs in the plasmid pLQ-KO-tgt-50 bp. In the first step, P mecA was amplified with primers P mecA -up/P mecA -dn from S. aureus ATCC43300 genome, and the erm resistance gene was amplified with primers erm R-up/erm R-dn from the pMUTIN4 plasmid. In the second step, P mecA and the upstream HA of tgt-50 bp, erm resistance gene and the downstream HA of tgt-50 bp were joined by overlap PCR extension, respectively. The resulting fragments were ligated with SapI-digested pLQ-P xyl/tet -cas9-P spac -sgRNA plasmid, yielding pLQ-KIerm R (MUT3).
To construct pLQ-KO-rocA, the N20 sequence and the HAs were replaced through the following steps: P spac -up-1/P spac -N20 rocA -dn were first used to amplify P spac -N20 rocA , which was then ligated into ClaI/BglII digested pLQ-P xyl/tet -cas9-Pj23119-sgRNA, yielding pLQ-P xyl/tet -cas9-P spac -sgRNA-rocA. Then, the HAs of the rocA gene, which were amplified from RN4220 genome with primers rocA-up-1/ rocA-up-2 and primers rocA-dn-1/rocA-dn-2, were fused with SmaIdigested pLQ-P xyl/tet -cas9-P spac -sgRNA-rocA, yielding pLQ-KO-rocA.
Screening of mutant strains
After electroporation, individual transformants colonies were randomly picked and analyzed using colony-PCR. DNA sequencing of the PCR products generated was used to confirm the presence of the desired mutation. The primers used were complementary to some 25 bp upstream and downstream of the HAs on the genome. The presence of the restriction endonuclease site EcoRV introduced in the middle of the two HAs in the editing template was ascertained by cleavage of the amplified PCR product by digestion with the restriction enzyme. Wild-type S. aureus RN4220 genomic DNA was used as a control.
Transformation efficiency essay
The plasmids involved in this study were transformed in recipient S. aureus strains by electrotransformation using 1 μg of plasmid DNA. Colony forming units (CFU) were counted after plating serial dilutions on the appropriate selective media. All transformations were repeated three times. Transformation efficiencies represent averages of three transformations and are expressed as CFU per μg of plasmid DNA [27, 28] .
Plasmid curing
To eliminate the various pLQ-series plasmids, the edited colony was incubated in 5 ml of TSB medium overnight at 42°C non-selectively. To ascertain the effectiveness of plasmid curing, the culture was diluted and spread onto TSB plates with or without chloramphenicol (10 μg/ml).
Results
Construction and screening of the plasmids to enable CRISPR/Cas9-based genome editing
The cas9 gene amplified from the pCas9 plasmid was inserted into the pKOR1 plasmid, which is an E. coli/S. aureus shuttle vector, under the control of S. aureus native promoter P hprk or the constitutive promoter P xyl/tet (pLQ-P hprk -cas9 or pLQ-P xyl/tet -cas9) (Fig. 1) . As shown in Fig. 1B , there was no obvious difference in the transformation efficiency between the plasmids pLQ-P hprk -cas9 or pLQ-P xyl/tet -cas9 and the backbone pLQ-1, indicating that the Cas9 protein would not impede the viability of the host strain, S. aureus RN4220. Then the sgRNA cassette targeting at the tgt locus was inserted into the pLQ-P hprk -cas9 and pLQ-P xyl/tet -cas9 plasmids under the transcriptional control of the synthetic promoter Pj23119 or the constitutive promoter P spac (pLQ-P hprk -cas9-Pj23119-sgRNA, PLQ-P hprk -cas9-P spac -sgRNA, pLQ-P xyl/tet -cas9-Pj23119-sgRNA, or pLQ-P xyl/tet -cas9-P spac -sgRNA). Of note, the transformation efficiency of the plasmid pLQ-P xyl/tet -cas9-P spac -sgRNA (Fig. 1A) was found to be reduced by 1000 folds compared with the efficiency of the plasmid bearing the cas9 gene alone, which suggested that the Cas9 protein encoded by the cas9 gene in the pLQ-P xyl/tet -cas9-P spacsgRNA plasmid had cleaved the target locus, which was the tgt gene, in the chromosome efficiently guided by the plasmid-borne sgRNA (Fig. 1B) .
CRISPR/Cas9-mediated gene knock-out and knock-in of tgt in S. aureus RN4220
To demonstrate the functionality of the CRISPR/Cas9 system in S. aureus RN4220, we designed two schemes to disrupt the tgt gene: deleting 50 bp containing the initiation codon with an EcoRV restriction site inserted, or deleting the whole ORF that was 1.1 kb in length. The 1-kb upstream and 1-kb downstream HAs of the target sequence were joined together and then inserted into the pLQ-P xyl/tet -cas9-P spac -sgRNA plasmid to produce pLQ-KO-tgt-50 bp and pLQ-KO-tgt (Fig. 2) . As shown in Fig. 2B , the transformation efficiencies of MUT1-3 (pLQ-KO-tgt-50 bp, pLQ-KO-tgt, and pLQ-KI-erm R) in S. aureus were determined to be increased by 10 folds compared with the efficiency of the plasmid bearing the cas9 gene and the sgRNA cassette without HAs, which was the pLQ-P xyl/tetcas9-P spac -sgRNA plasmid. To screen for the desired editing event, genotyping of multiple transformants was carried out by colony PCR amplifying the target locus. To ensure that the PCR product was amplified from the chromosome rather than the plasmid, primers were designed to anneal slightly upstream and downstream of the editing template sequence (Fig. 2A) . Of the 19 and 9 colonies obtained in two independent experiments, evidence for the presence of the desired tgt-50 bp deletion (MUT1) was obtained in all cases and the editing efficiency was 95% and 78% (Fig. 2C,a,  Supplementary Fig. S1A and Table 1 ). For the tgt ORF target (MUT2), a similar efficiency was observed, with 22 out of 24 transformants displaying the edited genotype (Fig. 2C,b) . In another independent experiment, all of the MUT2 transformants screened exhibited the desired deletion ( Supplementary Fig. S1B and Table 1) .
To investigate the editing efficiency of this system with respect to gene insertion, we inserted the erm R gene under the transcriptional control of the native promoter P mecA (erm R cassette, 1.2 kb in length). Therefore, the erm R cassette was inserted into the pLQ-KO-tgt-50 bp plasmid (pLQ-KI-erm R). As shown in Fig. 2B , the transformation efficiency of the plasmid pLQ-KI-erm was found to be increased by 10 folds compared with the efficiency of the pLQ-P xyl/tet -cas9-P spac -sgRNA plasmid in S. aureus RN4220.
The PCR screening showed that 12 colonies out of 23 colonies obtained were composed of both MUT3 mutant and wild-type alleles, as evidenced by the presence of both the 2500-bp and 3700-bp PCR-amplified DNA fragments (Fig. 2C,c) . Such mixed colonies also appeared in constructing the CRISPR/Cas9 genome editing tool in other bacteria [13, 15, 16] . To address this problem, the mixed colonies were restreaked onto the agar plates supplemented with chloramphenicol, and all the colonies selected were tested to be pure MUT3 mutant (Fig. 2C,d ). In another independent experiment, the erm R insertion efficiency was 40% ( Supplementary Fig. S1C ). Additionally, the DNA sequence analysis in the tgt disruption and the erm R cassette insertion experiments showed that the geneediting event occurred as expected (Fig. 2D) .
Expansion of CRISPR/Cas9 genome editing tool to the rocA locus in S. aureus RN4220 Moreover, we attempted to delete rocA ORF (1.5 kb in length) in the genome of S. aureus RN4220. The PCR screening showed that 4 out of 12 colonies exhibited the desired deletion. In another independent experiment, 5 colonies out of 15 colonies were pure mutants, 7 colonies were wild-type cells, and 3 colonies were composed of mutant and wild-type alleles (Fig. 3A) . A mixed transformant was restreaked onto a TSB agar plate to isolate individual colonies. Multiple colonies obtained were pure mutants (Fig. 3B) .
Plasmid curing efficiency of pLQ-KO-tgt-50 bp
Finally, we demonstrated the plasmid curing efficiency of the pLQ-KO-tgt-50 bp plasmid, which carried a temperature-sensitive replicon for S. aureus. Staphylococcus aureus RN4220 carrying the plasmid pLQ-KO-tgt-50 bp was incubated in TSB broth at 42°C nonselectively overnight, and the curing efficiency was determined to be 99.5% ( Table 1 ), suggesting that the system could be used for successive gene editing.
Discussion
In this study, we constructed and screened four plasmids to enable CRISPR-Cas9-based genome editing, which carried cas9 and sgRNA under the control of different promoters. The transformation efficiency suggested that the cas9 protein encoded by the cas9 gene in the plasmid pLQ-P xyl/tet -cas9-P spac -sgRNA had cleaved the target locus in S. aureus RN4220 chromosome efficiently guided by the plasmidborne sgRNA. The results demonstrated that the CRISPR/Cas9-based genome editing system was effective in S. aureus, suggesting the possibility of gene editing in S. aureus with CRISPR/Cas9.
The ineffectiveness of the plasmid pLQ-P hprk -cas9-Pj23119-sgRNA, pLQ-P hprk -cas9-P spac -sgRNA, and pLQ-P xyl/tet -cas9-Pj23119-sgRNA may arise from the weakness of the promoter P hprk and Pj23119. First, it is possible that the ability of the native promoter P hprk [21] B A Figure 1 . CRISPR/Cas9 vector pLQ-P xyl/tet -cas9-P spac -sgRNA (A) Physical map of vector pLQ-P xyl/tet -cas9-P spac -sgRNA containing E. coli origin (ColE1 origin), the temperature-sensitive replication origin from pE194ts (Rep(+)), an ampicilin resistance gene (Amp R), a chloramphenicol resistance gene (cat resistance), cas9 under the control of the P xyl/tet promoter, the sgRNA transcribed from the constitutive promoter P spac . (B) Transformation efficiency of different plasmids involved in CRISPR/Cas9-mediated gene editing. Bars: the mean of three replicates. Error bars: standard deviation.
weak, despite the fact that it was used to initiate the gene expression in S. aureus [21] , so the insufficient cas9 proteins generated could not break the genome efficiently, resulting in the ineffectiveness of the plasmid pLQ-P hprk -cas9-Pj23119-sgRNA and pLQ-P hprk -cas9-P spac -sgRNA. Additionally, the synthetic promoter Pj23119 may not initiate the transcription of the downstream gene in S. aureus, which may be attributed to the fact that the σ subunit of RNA polymerase in S. aureus could not recognize the promoter pj23119 [29, 30] , resulting in the ineffectiveness of the plasmid pLQ-P xyl/tet -cas9-Pj23119-sgRNA. Due to the relatively strong activity of the promoter P xyl/tet [25] in initiating the transcription of the cas9 gene and the powerful ability of the promoter P spac [24] in initiating the transcription of sgRNA cassette, there were sufficient cas9 proteins cleaving the target site efficiently guided by the sgRNA.
To demonstrate the functionality of the CRISPR/Cas9 system in S. aureus RN4220, two gene-sized deletions were introduced in the S. aureus chromosome and a region was inserted into the genome of S. aureus. The PCR screening showed that the gene-editing efficiency in S. aureus RN4220 could achieve 43%-96%, which is greater than the reported markerless genetic tools using allelic replacement (pKFT and pKOR1) [8, 23] , of which the editing efficiency is 17%-80% [8, 23] . Therefore, the workload for screening out a mutant is lightened. Additionally, using the typical method, the plasmid is first integrated into the chromosome via a single crossover with the transformants incubated at a non-permissive temperature of 42°C, followed by the excision of the plasmid at a permissive temperature of 25°C or 37°C [6, 8] . This multistep process often mandates a significant investment of time and effort. While in the CRISPR/Cas9 genetic manipulation, the transformants on the agar plates can be directly screened without this tedious process (Fig. 4) , thus saving~7 days. Moreover, due to the temperature-sensitive replicon for S. aureus, the plasmid can be excised thoroughly and easily, suggesting that the system could be used for successive gene editing. The recently published CRISPR/Cas9-mediated genome editing tool in S. aureus achieved similar editing efficiency with different promoters controlling Cas9 and sgRNA [31] , suggesting the robustness of CRISPR/Cas9 system in S. aureus.
There is an innate limitation in the CRISPR/Cas9 system: offtarget effect. CRISPR/Cas9 can tolerate nucleotide mismatches, so the The data in the 'Number of transformants/μg' column are the mean ± SD.
b Efficiency: probability of deletion events occurring, calculated as (M + P)/T × 100%. c M, number of colonies that harbored mixed wild-type and gene-deleted cells; P, number of colonies that harbored pure gene-deleted cells; W, number of colonies that harbored pure wild-type cells; T, total number of colonies used for the PCR screening.
sgRNA may guide Cas9 to other possible genomic loci in addition to its targets. Various sgRNA design tools have been developed for sgRNA on-target design, including sgRNAcas9 [32] , GT-Scan [33] , Protospacer Workbench [34] , E-CRISP [35] , sgRNA Designer [36] , sgRNA Scorer [37] , and others. In fact, the off-target effect that exists in the CRISPR/Cas9 system has little influence on most prokaryotes because they lack the non-homologous end joining mechanism, and rely on HDR to repair DSBs in their genomes.
In this study, there were some mixed transformants composed of mutant and wild-type alleles. Nevertheless, pure mutant populations can easily be isolated from mixed transformants using one-step subculturing. This may suggest that the prolonged incubation of cells in the continued presence of the active, targeted Cas9/sgRNA plasmid leads to the total conversion of cells to mutants [13] .
In summary, this study demonstrates the application of CRISPR/ Cas9 genome editing in an important pathogenic bacteria, S. aureus, which exploits a new method for the genetic manipulation of S. aureus and enriches the genetic toolboxes. The CRISPR/Cas9 genome editing method in S. aureus provides a rapid and efficient method to study the gene function of S. aureus, which helps to explore the molecular mechanism of the pathogenicity and the drug resistance. been deposited at the non-profit plasmid distribution service Addgene (http://www.addgene.org/) with Nos. 92121 and 92122, respectively.
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